We examined the physical constitution, serum lipids, fasting serum insulin (IRI), food intake, and physical activity in 1,330 children in three age groups (6-7, 9-10, and 12-13) in Nagao village for the period 1994-1996. Serum total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-C) levels were positively correlated, and HDL-C and TG were negatively correlated in all age groups. IRI was significantly higher among the elder children, and it was also higher in girls than in boys. IRI was positively correlated with the body mass index (BMI) and triceps skinfold thickness in ages 9-10 and 12-13, but no significant correlation was noted with waist hip ratio (W/H ratio). In ages 12-13 , IRI was positively correlated with TC and TG and negatively correlated with HDL-C. In high-IRI children (above 11.4RU/mL) ages 12-13 , the high-fat diet (fat-energy ratio above 30%) and low physical activity children (physical activity score below 10 points) were more frequent, and the mean levels of triceps skinfold were higher. The positive correlation between TC and HDL-C was not significant among high-IRI children . We concluded that a high-fat diet, low physical activity, and body fat accumulation influence the IRI level, which is closely related to serum lipid levels.
causing atherosclerotic disease. Insulin resistance is a factor thought to be one explanation of this state (10, 11) , but little is known about the changes of insulin metabolism with growth in children. Therefore we conducted this study to determine the fasting insulin level (IRI) in children. We also investigated the relationship between IRI and serum lipids, dietary factors, physical activity , and other physical parameters.
METHODS
We investigated school-age children in Nagao village from 1994 to 1996 . Nagao is in the suburban area of Takamatsu City, which is in the northern part of Shikoku in Japan. Informed consents were taken from the parents of these children before the investigation. The participation rate for these examinations was almost 100% every year. Each year, children in three age groups , 6-7, 9-10, and 12-13, had their blood tested, their physical constitution examined, and their health investigated via a questionnaire they were asked to complete. The number of children who accepted this examination totaled 1,330. Blood samples were drawn in the morning after an overnight fast. TC, high density lipoprotein-cholesterol (HDL-C) , and TG were measured every year, and IRI was measured in 1994 and 1996. TC, TG , and HDL-C levels were determined by enzymatic methods, and IRI was estimated by the radioimmunoassay method. In the same period, height and body weight were also recorded every year, and measurements of triceps skinfold and waist/hip ratio (W/H ratio) were added in 1996. The triceps skinfold thickness was measured at the middle level of the posterior side of the right upper arm.
The questionnaire had 23 questions, and 19 related to the frequency of food intake; the remaining 4 related to physical activity. Regarding dietary intake , we arranged for a diet questionnaire interview sheet with the Ministry of Health and Welfare to be used. We evaluated physical activity by 4 parameters, which included questions about physical activity, frequency of playing outside when not attending school, hours of watching TV, frequency of participation in sports , and physical activity levels as assessed by the parents (Table 1 ). All questionnaires were answered by the parents.
ANALYSIS
Dietary intake was assessed through a semiquantitative food frequency questionnaire. We calculated the total calorie intake, protein intake, carbohy drate intake, and fat energy ratio. The children's physical activities were eval uated by totaling the score given for each answer to the 4 items in the ques tionnaire (Table 1) . We excluded the upper and lower 5% of the children as indi cated by their TC and TG levels because we intended to clarify the influence of environmental factors on serum lipid levels. In the following analysis , the data of the children whose lipid levels from 133mg/dL to 229mg/dL in TC , and from Table 2 . Mean levels of height, weight , body mass index (BMI).
Values are means (SD). and chi-square test by using a statistical program system (Stat View version 4 .5; Abacus, Berkeley, CA, 1992). Probability values <0 .05 were considered statistical ly significant.
RESULTS
Background of the subjects The average levels of height, weight, body mass index (BMI) , average TC, HDL-C, and TG are shown in Tables 2 and 3 . The mean levels of TC, HDL-C, and TG were higher in the 9-10 age groups than in the 6-7 groups . Sex differences were significant in the 6-7 age group (TC), the 9-10 group (HDL-C) , and the 12-13 group (TG). The triceps skinfold thickness increased and W/H ratio decreased with J Nutr Sci Vitanzinol aging, and in both triceps skinfold thickness and W/H ratio, the sex difference appeared to be significant among the 12-13 age group (Table 4 ). The mean levels of IRI increased in the elder children, and the IRI levels were significantly higher in girls than in boys in the 12-13 age group, as shown in Fig. 1 .
Relationships between serum lipids Correlation coefficients were analyzed in Table 5 . Positive correlations were found between TC with TG and with HDL-C, and negative correlations between TG and HDL-C in all age groups. In ages 12-13, TC was positively correlated with TG. Relationship between IRI and other factors A correlation study with IRI is shown in Table 6 . IRI was positively related with BMI in ages 9-10 and 12-13 and with triceps skinfold thickness in all age groups. With regard to serum lipids, IRI was positively correlated with TG in all age groups and negatively correlated with HDL-C in the 9-10 and 12-13 age groups. TC was positively correlated with IRI in the i2-13 age group. The IRI level was positively correlated with carbohydrate intake in the 6-7 and 9-10 age groups and with a total calorie intake and fat-energy ratio in the 12-13 group. The physical activity score had positive correlations with IRI in the 9-10 age group.
Relationships between IRI and environmental factors in the 12-13 age group
The positive correlation between TC and HDL-C is a characteristic phe nomenon of children (12) . But in the high-IRI group, TC and HDL-C were not significantly correlated (p=0.1157). In the high-IRI group, 45.7% of the children were in low physical activity level, whereas only 12.2% were in low physical actiyJty level in the low-IRI group. A significant difference was found in the frequency of the physical activity state between the high-IRI and the low-IRI groups (x2=7.745, p=0.0208). Also, the dietary evaluation revealed that 54.2% of children in the high-IRI group were taking high-fat diet, but only 19 .5% were taking high-fat diet in the low-IRI group (x2=15.973, p=0.0003). Eighty percent of children in the high-IRI group had some problems either in low physical activity or in high-fat diet. Only 29.3% of children with low IRI had problems in physical activity level or in fat-energy ratio (x2=27.276, p<0.0001). Triceps skinfold were thicker in the high-IRI group (Fig. 2) .
DISCUSSION
It is reported that the mean levels of TC and TG have increased in Japan over the past 30 years and that these levels are overtaking the United States in the young age groups. Our results also showed that serum lipid levels of Japanese children are higher when compared with the studies (13, 14) of the same age groups in the U. S. This high elevation of serum lipids is caused by urbanization and industrialization throughout Japan. But it is not statistically clear what kind of life style most strongly influences the serum lipid levels in general in Japanese children .
The serum lipid levels change with the children's growth (15) (16) (17) (18) . TC and TG levels increase with aging and decrease in prepuberty phase, ages 10-13 . Our study also showed that TC, TG, and HDL-C levels decrease in 9-10 to 12-13 age groups (12) . This is a physiological phenomenon of children and is related to secondary sex characteristics caused by hormonal changes. Another characteristic phenom enon of the children is the positive correlation of TC and HDL-C , which we previously reported (12) . We suspected that metabolical change influenced by environmental factors occurred in the serum lipids between childhood and adolescence, which causes the disappearance of a positive relationship between TC and HDL-C in the elder children.
To find the most effective methods for the prevention of hyperlipidemia , we examined the relationship between serum lipids and environmental factors . A correlation study with serum lipids and environmental factors revealed no significant correlation. One reason why we failed to figure out environmental influences on the lipid levels is the difficulty in evaluating many environmental factors , and hereditary factors sometimes emphasize or diminish environmental effects. In 1994 and 1996, we measured IRI in 847 children to see if it acts as an intermediate parameter between serum lipids and environmental factors. The mean level of IRI gradually increased with aging, and IRI levels were higher among girls. We suspected that the difference of mean IRI levels between girls and boys results from the difference in body-fat accumulation. IRI is positively correlated with triceps skinfold thickness in all age groups and with BMI in the 9-10 and 12-13 groups . But with W/H ratio there was no significant correlation. Triceps skinfold thickness would be a more useful anthropometric parameter of abnormal fat accumulation in children than the W/H ratio. In the 12-13 age group, IRI showed a positive correlation with TC and TG and a negative one with HDL-C. IRI levels were significantly related to physical activity in the 9-10 and 12-13 age groups and to total calorie intake and fat-energy ratio in the 12-13 group. Perhaps with aging, environmental factors became more important concerning IRI levels and the metabolism of serum lipids.
We analyzed the relationship of serum lipids, IRI, physical activity, and dietary intake among the 12-13 age group in detail. To distinguish life-style differences, we analyzed fat-energy ratio and physical activity by IRI levels. In the high-IRI group, 80.0% of children were low in physical activity or taking a high-fat diet. Among high-IRI children, triceps skinfold was thicker and the positive correlation between TC and HDL-C was not significant. This suggests that IRI is strongly related to body fat accumulation and that low physical activity and high-fat diet are both related to the elevation of IRI, even if the serum lipid levels remain normal. Furthermore, an elevation of the IRI causes the ordinary relationship between TC and HDL-C to disappear.
We concluded that even among children with normolipidemia in the 12-13 age group, both high fat intake and low physical activity can easily induce a high IRI state. This state may be the result of body fat accumulation caused by the high-fat energy diet with physical inactivity. The high-IRI state may have ad verse effects on the serum lipid levels. Not only with adults, but also with child ren, insulin plays adverse effects on the metabolism of serum lipids. Therefore to prevent atherosclerosis-related diseases, we recommend a more active life-style and an adequate diet not only among hyperlipidemic children, but also among children with a high IRI level, and ages 9-10 are not too early to begin their education.
